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Abstract

‘l’hevarious power systems for supplying the PEP-
11 DC magnets rely exclusively on switchmode
eonversion, utilizing a variety of means dqmding on
the mcpirements. All of the larger power supplies,
ranging from 10 to 200 kW, am powered from DC
sources utilizing rectified 480 V AC. Choppers can be
used for the series—connectedstrings, but for smaller
groups and individual magnets, inverters driving high-
iieqmcy transformers with samdary rectifiers
comprise the best approach. All of the various
systems use a “building block” approachof multiple
atxndad-size units connectedin series or parallelto
moatcost-effectivelydealwitha greatrangeof voItage
and current mquirwnents.Utilization of existing.~ from PEP-I has been a cost-effective.
d@mmnant..Equipment is behg purchasd either off-
the-shelf, through pel’formancespecification, or by
hadvnae purchse based on design-through-prototype.
Tbeeon=tor magnet power system, utilizifig
ineqensiv% off-theAElf, fdurquadmnt switching
mottxatrollers, has aheady proven very relhble
120 of the total of 900 unitshavebees runningon the
injectionsystem for fourmonthswithno faihues.

Introduction

The PEP-II project will consist of two storage
~tbe I.mw Energy Ring(LER) and High Enugy
RIUg @3, both contained in the same 2.2 km
&atmfcnmce tunneL plus an additional 4.6 km of
extmetiom bypass, and matching beam line sections.
llM eomplcx is beiig built to produce B-mesons (also
called a B-factory) for the BaBardetector. It is being
built at SLAC as a cooperativeeffort among the &me
DOE laboratories in the SF Bay atwx LBNI+ SLAC
- LLNL. l’be Magnet Power (lmvexsion is one of
the areas that because of its relatively large size,
diwxaity of ayatcamandtechnicalcomplexityrequires
dose mopemtion among the time technicalgroups
invokd in thedesignandCOI@WtiOIL

One impatant issue that influenced the initial
deeiaions on work divtilon was the need to maximize
the uniformity of systems (i.e. all power supplies of a
similar power level must be of the same technology
axl manufaclum) to reduce the impact of personnel
&siting in new systems and thqcost of the stock of
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spare components and redundanton-line systems. For
this reason the division of work by type of power
supply is different than the overall machine division
of work whkh goes mostly by type of ring,
interaction am-a,or injection.

1. POWER SUPPLY SYSTEM
ENGINEERING

lle system tilgn uses two general amhitectums,
one for multiple channel power supplies, employing
small drivers for comector and trim, and a single
channel system for all other requirements.The single
channel powcx supply system consists of a voltage
regulatedholtage controlled power supply as its poww
train,driven by a currentregulation loop with a high
stalility (Qppm/C) error *plifier. The current
regulation loop workpoint IS- set by an analog
mfcmmcegenemted by the control system interhce.
current is measumd by two identical Zero Flux
Transductors (ZF’I’), mostly of the integrated type
* the magnetic head and electronics am in the
same package. One of the Zl?Tsis used for the cummt
regulation loop, and the other one as an indepadcnt
dhgnodc madback ‘l%esystem has a single ground
fault detectm. The multiple channel systems have
similar f~, in dilfcrent implementations, as
desaii Iatef in this paper.

2. FACTORS INFLUENCING THE
CHOICES ON POWER SUPPLY
TECHNOLOGIES

Many factors have been txmsidered to arrive at
soIutions of the technical problems presented by the
PEP-II machine tilgn specifications. The individual
l=f~ issues were initially evaluated, including
stability, accumcy and tolerances for periodic and
randomdeviations. overall performanceissues such as
availabtity, initial and operating system costs td
MTI’Rarethen weighed. hchldedunder Cost am the
solutions that allow the use andftzyclhg of existing
components of PEP-I such as parts of the cable plant
(AC & DC) and the power difibution systems
(transfomlers, Swkhgear) that will be dilrbii d
reused. l%e power distribution decisions wae for AC
distribution because of the simplicity of the
protection systems and easier compliance with safety
regulations. The exception is the large string power
supply system, where existing DC distribution
systems wem recycled. Other influences on the
technkal solutions are EMC concerns, both EMI
generation and susceptibility, and power supply
efficiency.



3. CONTROL SYSTEM
INTERFACES

-A new control system intafacekror
amplifier/power supply controller will be used in the
poww conversion systems for PEP-II. me interface is
connected to the control system by means of a digital
serial line (Bitbus). A microprocessor is used as the
communications controller and as the intelligence for
the power supply controller for functions such as data<
I/O,diagnostics routines and ramping. The use in the
controller unit of an intelligent programmable

. -or allows for a large improvement in the
performanceof the data conversion components. An
internalcalibration process, running while the supply
opczates, makes possible the transf= of the accumcy
and precision of a high quality ref~ to the DAC
and ADC performance.l%e process corrects for offset
gain and linearity imperfections and driftafor the DAC
and offset and gain for the ADC. IMs gain in
performanceallows the use of data conversion units of
less stringent specifications, which of course are less
expensive.

4. DESCRIPTION OF THE MAJOR
GROUPS OF POWER SUPPLIES

4.1 Power supplikm for correctors and trim
coikk

Approximately 900. individual X-Y cmectcw
magnets will be installed on the PEP-II rings, am,
and injector lines. Each magnet will mquim a bipolar
eurrcat of up to 12 A with a 24 hour stiility of
better than 0.05%Kt and a 1 hour stdility better than
O.01%/C. A 16 chanm% modular power supply
design has beendeveloped tomeetthismqukmeat
with emphasii placed on relktlility, repair time, and
installed cost per channel. Each drive module consists
of an H-Bridge MOSFET switching array, input snd
output filter networks, two isolated pmeidon current
sasing elements (fdback and monitor), and an cum
amplifier, plus extensive fault detection and current
biting circuihy.

.

Amodular crate architecture isutilkd in this
dea@L in osder to maximize the flexibility d
acniccabfity of * installation.The physical sate
isastandard 6Uby220mm Eurocdfomaat available
off-shelf from SChruff. The crate has 17 slots, one
fm a contxol system intaface ad and 16 slots for
power conversion modules. Each power module has a
‘personality card’,which is mounted directly onto it.
‘lMs personaMy cad contains passive components
that determine the maximum output current limit the
transfer function of command voltage to output
curren~ and the compensation network for the ecmr
amplifier section. If a power module is WM *
personality cad is removed from the old module and
installul on the new one. In this way, all of the
operating parametersspecific to the load will be in
eff=t with the new moduic.

All cards and modulesareaccessible from (he front
of the crate, and connect to the backplane using
standardEurocardconnectors.Air cooling for the a-ate
is provided by a fan se~ also offered by Schroff, which
draws in cod air from the aisle and passes it through
the crate and into the rack thus keeping the mck
interior at positive pressure. A single hinged tint
cover provides access to the 16 power modules.

A unipolar bulk power supply pmvidea the main
DC power to the crate through 180A Poweapole
connectors on the tear panel. Command and
synchronization signals are provided through the
backplane by the in- cad. ‘I%emain DC power
is distributed to the individual modules along with
utility voltages and control signals also via the
backplane.A standard48 pin, type ‘E” DIN connector
is used for all signal and power connections between
each power module and the backplane. The interface
card plugs into the same backplane, and uses the VME
format for. connector type, positioning, and module
width. By using the cad to backplane approaclu all
intend wiring has been eliminat.e4 except for the 120
VAC power and the main DC-power wires fkom the
Powerpole connectors to the back-plane busses. All
other external connections, including the outputs to
the magnets, areaccomplished through ptinted-chcuit-
mount connectors on the backplane, thus allowing the
assembly work to be pdxmed by outside board
fabricators. Since the crate enclosures come P
assembled horn Schroff, the only in-house assembly
work to be perfdrmedis to bolt on the backplane,
frontandrearpanels, and insert 16 power modules ad
theappmpriateinterfacecaud-Tltepersoditycardsae
then addedto give each power module its own specific
chamc@Mt. .CS.A computuized test bench is used for
testing the finished crate.

For the PEP-II rings the control system
communicates directly with the power supplies
through the interfacecardand the serial Bitbus data
link me intcrfkcecad contains a DAC and ADG
each multiplexed 16 channels wid~ plus logic glue
and the Bitbus-specKlcsupportcircuitry.

The function of each power module is to providea
mgdated chive curtent to its mpective 10a4 in
proportion to the command signal fmm the intezfiu=
card. The power module also returns a redundant
cumentsignal to the interface @ as well as status
and fault data’l%eswitchrnode aervoamplifier used in
this dedgn is a commercial uni4 the 30A8,
manufachued by Advanced Motion Controls,
operating as a voltage amplifier. This model was
chosen for its compact sia mggedness, PC mount
capability, and its internal fault protection sys~rn,
which provides protection against thermal ova-led ”.. i
and output short circuits (to either rail): TIM fault
signal providedis applied to an external laich on the
power module, which will shut down the semo
amplifier if a fault condition persists for more than a



few seconds. The 30A8 produces untilled DC
pulses from its Wbridgc output stage, and must
therefore be filtered appropriatelybefore delivc~ to the
load. The filter design employed is a variation of the
classical Praeg filter, arranged to be symmetrical
aroundpower ground. The filter is set to be critically
damped, and attenuates both the differential and
common-mode components of the output ripple. Up
to eight of the 16-channel crates are mounted in a
doubl~rack above a 40 kW, 1000A power supplyr
located across the bottom of both racks. The six
double racks and power supplies (one in each region)

.- are recycled from the PEP-Icorrectorpower system.

4.2 Power supplies for medium power
indivtkkd magrzet3 and small strings

l%e 30 kW and smaller range of individual POWW
supplies has the largest number of units. It was
decided early onto use a single type of technology for
the whole range, based on similar requirements for
I=f” and with the goal of simplifying
maintemmcc procedures, reducing spares stock,
personnel training and MT’f’R.The d~ision on which
type of power supply technology to be used, based
mostly on performance, costs, and past experience,.is
fa the use of switchrnode inverters driving various
tWllS-~tiO hi@-frequency transformers followed by
rectifiers to achieve the great variety of DC output
voltages and currents requiredfor the various magnet
loads. Similar supplies am commerciallyavailable
with 3-@ase AC powerinput.~e units also all have
provisionsfor being paralleled in multiple units.
m first group of 86 supplies, pwhased to provide
@@W=t for ~ ~sh - R@? -) will ~
fabricated by Inverpower Controls, Inc., Toronto,
Canada. The second group of 118 power supplies for
the Low Energy Ring (LER) will be provided by
ElecrroNc Mettsumments,Inc.(EMI), Neptune, NJ.

4.3 Power Supplies for individual
mugnetdkmall strings, medium-high and high
power.

When it became dear that switehmodtilnwter
@chrtology now extends up into the megawatt power
region, and is oompetcdve in cost over the whole
range cmtpamd to atandad 12-puIse Iirke-eomutated
_+ontroUd power supplies, it was &cidtd to

utilize this technology throughout all the power
supplies sizes to be purchad to specification. The
medium-high powed group of 22 supplies wem
specified for rack mounting and am similar to the
intemdate size supplies described above in evay
respect. ‘l%ii group of supplies will be purchmcd
from EML A group of nine tle+standing power
supplies ranging from 50 to 270 kW will also
incqomte insulated-gate-b~lsr-transistors (IGBT.)
invtxterhrtmsfonnerlredifk technology. I’hcse
supplies will feed quadruples and dipoles around the
single interaction point in the HER, and the LER
Wiggler magnets in Region 6.

4.4 Power Supplies for Large Magnet Strings

There are 25 circuits of large string series-connected
magnets in the two rings, 18 for the HER and 7 for the
LER. These circuits encompass the entire tunnel d
include a total of 882 magnets. The maximum operating
power is 4550 kW tota[, 2550 kW (56%) for the HER and
2000 kW (44%) for the LER strings. All the power
supplies are in one location, the Region 8 support
building, to simplify personnel-safety interlocking for the
tunnel.

The HER and LER magnet strings are each powered
from a large bulk dc power supply followed by switching-
type dcdc converters (choppers) for individual control of
each string. There am a total of 41 choppers mtedat 200
kW each for the 25 circuits. ‘Ihe large dipole strings are
split in half and use 4 choppers per half string in
seriedparallel. The other string cimuits have 2 choppers
in series or only one chopper depending on the voltage.
The overall architecture is very similar to thatof PEP 1.

Two sets of air-insulated indoor switchgear and 12-pulse
thyristorantrolled rectifiers are behg pumhasd for the
PEP-II bulk dc power suppligs.. One set is for the HER
strings and one for the LER.- ‘They are fed from two
existing 2S00 kVA transformersused for PEP I. Each
reetifierproducesan unregulatedandunfilteredpositive ad
negative 600 Vdc at up to 2400 A to the downstream
choppers. All & bus filters are distributedinto the racks
with the choppers. l’he re+itiers provide low inrush
currentsand fast fault protection. The rectifiersare being
designed and built by Alpha Scientific of Haywad
California.

The 500 V, 400 A chopper modules are designed
consexwatively. Two Toshiba 600 A, 1200 V IGBT
modules alternately conduct at 10 kHz producing a net 20
kHz internal frequency. Turnon and turnoff loss snubber
networks are both used to minimize IGBT power
dksipation. ‘fhe IGBT”s, -wheeling dkdes, snubber
di~ and snubber resistors are all mounted on water-
coolcdj cold-plate style heat sinks. The electrical
connections are primmily done with laminatedbus bars to
minimize inductance. The efficiency of the chopper at
rated output is 96.5% with more than one-half of the
losses in the snubber resistors. The maximum IGBT
junction tempwature is 104 ‘Cat a maximum loss of 800
W and a maximum inlet water tempmtw of 35 “c.In
additiontothewatcr cooling, two fans arealso usedto
cool the output inductor and to cool the bus bars. The
choppers use current-ode control with an outside voltage
f~ loop. ‘l%is enables parallel operation of the
chopper moduka. ‘l%echopper module was designed and a
prototype was tested by LLNL. ‘Me productionunits tue
now bekg fabricated.

-.
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